The conservation of migratory wildlife species in the savannah habitat can be a challenge because of frequent and prolonged drought and their requirements for a large area. We investigated the performance of the wildebeest (Connochaetes taurinus) population in the 25,624 km 2 Kilimanjaro landscape of Kenya and Tanzania, which comprises Amboseli-West Kilimanjaro-Magadi-Natron after 2009 drought. We used total aerial counts to determine the spatial distribution and numbers of wildebeests during wet and dry season in 2010 and 2013. Global Positioning System and digital voice recorders were used to count wildebeests along established transects within blocks. There was an increase in the wildebeest population by 103% during the wet season and 14% during the dry season between 2010 and 2013. The seasonal variation in density occurred between the four counting blocks with Natron and Magadi areas recording the highest densities. Generally, the increase in population could be attributed to the recovery of the population after the 2009 drought. The current cross border collaboration between Kenya and Tanzania in aerial surveys is an important step in the conservation of this migratory species in the landscape. This study demonstrates that detailed knowledge of density and spatial distribution of migratory species is required to plan effective conservation action.
Introduction
Populations of wildebeest (Connochaetes taurinus) still persist in various parts of the African savanna biome, although both population types have suffered declines in various parts of the species' range. Huge declines in wildebeest population have been reported in the Masai Mara ecosystem by 81% [1] , in Botswana by 90% [2] , in Kruger National Park by 87% [3] [4] and in Etosha National Park [5] . The declines were attributed to many factors including an anthrax epidemic, elevated predation rates, droughts, veterinary fences, hunting and competition with livestock [1] - [4] [6] .
Drought is one of the environmental factors that are highly listed as an explanatory variable for the decline of most wildlife species. Africa's savannah biomes are currently experiencing frequent and prolonged droughts [7] . The impact of drought which is climate-related has been related to nutritional factors dependent on intra-annual rainfall patterns, such as dry season rainfall [8] . For instance, wildebeest numbers are negatively correlated with annual rainfall in the Mara-Serengeti ecosystem [9] [10] . The survival of wildebeests in the changing weather patterns therefore depends on their migratory behavior. While the underlying causes of the migration are not yet fully understood [11] , the main factor influencing the migration, however, is thought to be rainfall through its effect on food or salinity [12] - [14] and energy maximization and nutrient availability [15] [16] .
The Kilimanjaro landscape covers 25,623 km 2 on the border of Kenya and Tanzania. This landscape has one of Africa's most extensive unprotected areas with most areas of the landscape managed for conservation by local communities. These areas are very large, for example, the Amboseli conservancies and group ranches, Natron and Enduimet Wildlife Management Area cover 8824 km 2 , 3013 km 2 and 7047 km 2 respectively, compared with 392 km 2 area of Amboseli National Park. Despite this vast area, only 25.6% is protected area which cannot sustain the wildebeest population; hence, concerns have been expressed over the ability of the protected area to conserve biodiversity. These include the blockage of migratory corridors that link the adjacent protected areas [17] , the increasing conversion of wildebeest range and habitat into cultivation [18] [19] and the unplanned tourism development [20] . The corridors link the landscape to Chyulu and Tsavo National Parks to the east and Kilimanjaro National Park to the south [21] .
The Kilimanjaro landscape has been well studied over the past 40 years [22] - [25] . Most of these studies have, however, focused on smaller portions of the linked ecosystems, mainly confined within national administrative boundaries in the two countries. Consequently, the wider picture of the landscape cross-border ecological area in terms of wildlife population monitoring has not been adequately captured. With the increasing knowledge of animal movements within this landscape and observations of fluctuating animal numbers within each country, it has become necessary to have broader landscape surveys.
In this paper, we compare the wildebeest numbers between 2010 and 2013 wet and dry season counts in the trans-boundary Kilimanjaro landscape. We present the abundance and spatial distribution of wildebeest based on total aerial counts surveys.
Study Area
The Kilimanjaro landscape (1˚37'S and 3˚13'S and 35˚49'E and 38˚00'E), covering about 25,624 km 2 comprises a protected and non-protected areas in Kenya and Tanzania [26] covering portions of southern Kenya and northern Tanzania It also comprises two ecologically linked cross-border ecosystems: the Amboseli-West Kilimanjaro ecosystem to the east, and the Magadi-Natron ecosystem to the west (Figure 1 ). The landscape is roughly divided by a geological complex of basement hills and step-faults that makeup the eastern wall of the KenyaTanzania portion of the East African Rift Valley. It includes the Amboseli National Park and the surrounding group ranches extending to the Chyulu Hills to east and Magadi to the west in Kenya. In Tanzania, it encompasses the West Kilimanjaro area and Mount Meru Forest Reserve to the south and Lake Natronto the west. The vegetation in the landscape is dominated by grasslands, bushed and wooded grasslands. The savanna vegetation is dominated by Acacia spp. woodlands and open grasslands [22] . Kilimanjaro has an average rainfall of 500 mm year mostly falling in between the months of March and May. The dry period is between September and February. However, are as close to Mt Kilimanjaro and the hilly areas in Natron receive substantial rainfall (Sitati et al., in press ).
Methodology
Wildebeest counts were undertaken by a team of trained and experienced biologists in March (wet season) and October (dry season) 2010 and May (wet season) and October (dry season) 2013 using the total count flight technique [27] . The study area was divided into 28 blocks; 17 in Kenya and 11 Tanzania (Figure 2) . Each block was systematically surveyed along 1 -2 km width transects oriented either North South or East West directions, depending on visibility and terrain. In the mountainous areas, irregular transects were undertaken (Figure 2 ). Transects were surveyed at a mean altitude of 383.8 ± 251 feet above the ground and a mean speed of 156 Kph. Two experienced and well trained observers [28] occupied the rear seats of a high-wing aircraft and counted animals that appeared between two rods attached to the wing struts. The field of vision between these rods was calibrated by flying repeatedly across ground markers of known spacing [29] . The number of wildebeests falling within the survey strips on either side of the aircraft along each 5 km transect segment were counted and recorded into tape recorders and on a data sheet.
For each observation a waypoint was marked on a hand held Global Positioning System (GPS). Large herds of wildebeests of more than ten in number were photographed and later tallied to verify the counted individuals. The GPS data was down loaded using DNR-Garmin/Map Source software processed using ArcGIS 9.2 program. Using Statistical Package for Social Sciences [30] version 20.0 (SPSS Inc., Chicago, Illinois, USA), calculations made across the count blocks and the entire survey area. GIS based distribution and density maps were generated to depict the spatial extent and distribution of wildebeests.
Results

Wet and Dry Season Counts in 2010
During the 2010 wet season, 7240 wildebeests were estimated at a density of 0.300 km 2 . Most of the wildebeest were in the Amboseli, Natron and Magadi areas and were absent in blocks KE-12 (Meto-Longoswa) WK-2 (Longido area) and WK-5 (West Kilimanjaro ranch). In Magadi area, they were mostly confined in block KE-15 (Shompole Group Ranch). In West Kilimanjaro area, wildebeest were in blocks WK-3 and KE-7 (KetendenEnduimet), near the Kenya and Tanzania border, while in Natron area they were in block WK-9. The highest density was recorded in the Amboseli (0.39/km 2 ), followed by Natron (0. Figure 3(a) ). During the 2010 dry season, 7780 wildebeests were derived with a density of 0.314 km 2 ( Table 1) . The Amboseli-Magadi area in Kenyan had 61% of the population while 39% was in the West Kilimanjaro-Lake Natron in Tanzania. However, among the four survey areas, Natron had the highest (36%) wildebeest population followed by Amboseli (32%), Magadi (29%) and finally West Kilimanjaro with 3%, respectively. These populations had densities of 0.40/km 2 , 0.27/km 2 , 0.41/km 2 and 0.06/km 2 , respectively ( Table 1) . In entire survey area, the population were concentrated in south of Lake Natron (WK-10, 11), southwest of lake Magadi-Shombole group ranch (KE-15) and Amboseli NP (KE-3, 7) (Figure 3(b) ). There was sparse distribution in west Kilimanjaro and Mbirikani group ranch.
Wet and Dry Season Counts and Density in 2013
During the 2013 wet season survey, 14,728 wildebeests were estimated with a density of 0.575 km 2 . Most of the wildebeest were in Natron, Amboseli and Magadi and few individuals were recorded in West Kilimanjaro ranch. The highest density was recorded in Natron (1.06/km 2 ) followed by Amboseli (0.423/km 2 ), Magadi (0.376/km 2 ) and West Kilimanjaro had the lowest (0.318/km 2 ) density (Table 1, Figure 4(a) ). However, during the 2013 dry season count, 8862 wildebeests were counted with a density of 0.346/km 2 . The wildebeests were distributed mainly in Amboseli National Park, south of Natron and Shompole in Magadi. Few individuals were recorded on Amboseli group ranches while no wildebeests were recorded in West Kilimanjaro. Amboseli recorded the highest density (0.621/km 2 ) followed by Magadi (0.262/km 2 ), Natron (0.182/km 2 ) and finally West Kilimanjaro had the lowest density (0.063/km 2 ) (Table 1, Figure 4(b) ).
Discussion
The attributed to favorable climatic conditions where the region experienced for a while after a severe drought and recovery of habitat. Out of 24 large mammals recorded in the landscape, wildebeest was the most abundant wildlife species after zebra (Equus burchelli) during the dry season [33] . According to the surveys, wildebeests are generally widely distributed in the landscape. However, the highest concentrations of all observations are recorded in the Amboseli, probably as a result of the availability of water in the wetlands found in the park and outside [19] . During the wet season, wildebeests are widely distributed outside the park as a result of the availability of alternative sources of water. This underscores the importance of the areas outside the park as wildlife dispersal ranges that should be protected from dangers of fragmentation or subdivision. Efforts, therefore, need to be made to secure areas that have not been converted to alternative uses, such as agriculture.
Natron has recorded the highest density of wildebeests followed by Magadi ( Table 1) . However, West Kilimanjaro has recorded the lowest density. This shows a discernible seasonal change in their distribution in the landscape, although there may be no direct evidence linking the Kilimanjaro landscape wildebeest population with the Mara-Serengeti population. Recent studies of collared wildebeests in Kenya indicate that the wildebeest wander to most of the landscape including Mara-Serengeti and Ngorongoro [34] . These studies suggest that there are more interactive wildebeest movements within the greater Kilimanjaro landscape, and cross border collaboration and census need to be enhanced. It is also possible that the slight fluctuations could be caused by wildebeests dispersing into un-surveyed areas like Tsavo West.
Apart from droughts and diseases, there are no other serious threats that endanger wildebeests in the landscape. However, environmental degradation caused by commercialized charcoal production in Amboseli and Magadi regions reduces wildebeest range and habitat [17] . Hence, in the absence of the two, the wildebeest population showed an increase of 12% between 2010 and 2013. This is explained by the fact that the wildebeests migrate during the dry season and congregate during the wet season. However, the variation may also be attributed to low probability of detection during the dry season when there is reduced visual contrast between animals and ground features [1] . Moreover, in the dry season, there is a tendency of herds clustering a lot which makes counting difficult and may result in undercounts [1] [27] .
The wildebeest density also varied between the contiguous areas of Amboseli and West Kilimanjaro and similarly between Magadi and Natron. This variation is likely due to the fact that each of these contiguous areas sharing the same population of wildebeest which move freely between them. This again underscores the importance of the landscape as a strategic cross-border wildlife conservation unit that provides wildlife with the required resources throughout the year. Therefore, securing the dispersal area from any form of threat that will endanger its ability to sustain wildlife especially migratory species in the future is imperative.
In conclusion, the surveys have demonstrated the importance of the Kilimanjaro cross-border landscape as a wildebeest conservation and dispersal area. As a migratory species, wildebeests move within and across the various constituent areas of the landscape. Thus, the landscape approach to its future wet and dry season surveys and general conservations are crucial for decision making and understanding the dynamics in the numbers and distribution.
